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Abstrnct: The authors compare the observed and calculated values 
of the vertical a nd horizontal components of the magnetic field along a 
profile across t he Los Angles Basin. A structural geologic cross section 
compiled from seismic, gravity and geologic data was used as a basis for 
calculating the magnetic field. In the San Pedro Hills portion of the cross 
section the calculated and observed values disagree, indicating t hat the granitic 
basement rocks lie at greater depths then shown in the structure section. 
MAGNETIC SURVEY OF THE LOS ANGLES BASIN. 
GEOLOGY. 
The Los Angles Basin is a broad syncline with an axial trend 
of northwest to southeast and is approximately 75 miles long and 
25 mile wide. Fig. 1 *) is a section across the basin from Azusa in the 
northeast to San Pedro Hills in the southwest. This section is based 
on geologic work2), oil well data, seismic3) data, and gravity4 ) meas-
urements. It shows that the basin attains a depth of 40,000 feet at its 
deepest point in the vicinity of Bellflower. 
Immediately overlying the basement grantic rocks is a thickness 
of about 15,000 feet of schists4) and other non-crystalline metamorphic 
rocks of Franciscan ( 1) age. On this there are about 25,000 feet of 
1 ) Ba lch Grad uate School of the Geological Sciences. California Institute 
of Technology at Pasadena, Calif. Contribution No. 205. 
2 ) State of California Water Supply. Paper Bull. No. 45. - Southern 
California Guidebook No. 15 of the 16th International Geologic Congress. 
3 ) B. GUTENBERG, H. 0. Woon, J . P. BuwALDA, Experiments Testing 
Seismographic Methods for Determining Crustal Structure. Bull. Seism. 
Soc. Amer. 22 (1932). - B. GUTENBERG and J. P. BuWALDA, Seismic Profile 
Across the Los Angles Basin. Paper presented at meeting of Geological 
Society of America. Cord. Section 1935. Abstra.cts, p. 6. 
4) R. A. PETERSON, Results of Gravity Measurements in Southern Cali -
fornia. Unpublished Doctors Thesis 1935. Cal. Inst. of Tech. P asadena, Calif. 
*) See the p late at t he end. 
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soft sandstones and shales largely of marine ongm and mainly of 
Tertiary age. Alluvi~l deposits are spread over these by streams cross-
ing the Los Angles Plain from the north. 
The structure of the basin is somewhat complicated by high angle 
faults of considerable displacement. These trend in a general northwest 
and southeast direction. 
FIELD STUDIES. 
Values of the vertical and horizontal components of the magnetic 
field were measured with Askania magnetometers of the California 
Institute of Technology. The vertical component was measured at 
intervals of 1/ 4 to 1/ 2 mile. The horizontal component was measured 
at intervals of from three to four miles. 
The profile, Fig. 2*) , extends from the San Pedro Hills northeastward 
across the Signal Hill oil field and the Puente Hills to the mouth of 
San Gabriel Canyon in the San Gabriel Mountains. The total length 
is approximately 45 miles. Measurements were ommitted for a distance 
of 2 miles across the Signal Hill oil field on account of the disturbance 
caused by great amounts of casing and iron structures. 
It was thought that it would be possible to detect the positions 
of the large faults that traverse the basin parallel to its major axis. 
These faults displace the granite at considerable depths and the vertical 
offsets at the shallower depths are in materials of similar permeability 
on both sides of the fault. As a result, no definite anomalies occur to 
indicate the position of the faults. 
The portion of the profile between the Inglewood fault and the 
San Pedro Hills is of decidedly anomalous character. A number of 
theories concerning the distribution of magnetite or faulting might 
be postulated. In order to get a clearer interpretation of the profile 
in terms of structure, a calculation of the field distorted by a basin-like 
structure was made. 
THEORETICAL CONSIDERATIONS OF THE MAGNETIC FIELD. 
ACROSS A BASIN-LIKE STRUCTURE. 
STATEMENT OF THE PROBLEM. 
The hypothetical section (Fig. 1 ), which was compiled from 
geologic, seismic, and gravity data was used as a basis for the following 
computations. This profile gives a structural relation that is for the 
most part in good agreement with all data. In the part of the section 
*) See the plate at the end. 
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from San Pedro Hills to the ocean, the boundary between the granite 
and sediments and metamorphics was based on gravity data4 ) , so 
that one must remember that the rock relations as shown are not 
uniquely determined. Also the portion south of the Los Angles Basin 
is not symmetric with that north of the basin so that any method 
of calculation assuming symmetry will probably be in slight error as 
the influence on the magnetic field by the asymmetric elements outside 
of the basin would not be considered. 
Any attempt to compute rigorously the field across a complicated 
structure such as the Los Angeles Basin would be extremely difficult. 
As a reasonable approximation one may assume that the boundary 
between the granite and the overlying materials is smooth and to 
further simplify the problem one may consider it in two dimensions 
only. Neglecting the asymmetry of the section, one sees from Fig. 3 
that the problem may be reduced to that of two semi-infinite blocks 
of different permeabilities separated by a sinosoidal boundary and 
placed in an inclined field . This assumes that the air, sediments, and 
metamorphics have the same permeability and the granite has a 
different permeability. This is a safe approximation as the suscep-
tibilities given for rocks for this region by J. L. SosKE 5 ) are: 
Clays, gravels, metamorphics, etc. l to 40 X 10- 6 C.G.S. 
Granite . . . . . . . . . . . . . . . . . . 1000 plus X 10- 6 
SOLUTION OF THE PROBLEM6 ) . 
One method of solution lies in finding some simple transformation 
that will transform a known field about a known body into the con-
figuration shown in Fig. 3. The simplest bodies are the ellipse and 
circle which may be transformed into such a configuration by the trans-
formation z = l n z17). 
Case 1. 
If an ellipse is transformed by the relation z = l n z1 the equation 
of the boundary surface is easily derived giving 
z = - ·~ ln [1 + ( e- 2 " - ] ) sin 2 y J 
") J. L. SosKE, Unpublished Doctors Thesi ~. Cal. Inst. of Tech . P asadena, 
Calif. 
6 ) This method of solution was outlined by Prof. W. R. SMYTHE of 
the Physics Department . Cal. Inst. of Tech. P as:tdena, Calif. 
7 ) Com p lex im aginaries will be used entirely through this paper In· 
formation con ce rning their use in electrical problems may be found in JEANS, 
Mathematical Theory of E lectricity and Magnetism. 5th edition, p. 261 to 275. 
9* 
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Fig. 4. This approximates closely a smooth outline outline of the 
granite surface shown in Fig. 1. In this case the horizontal field trans-
forms into radial line which are tangential to the x, axis and the vertical 
H 
~ I 
!I 
Fig. 3. 
x 
field transforms into circles which 
intersect the axis normally. Ase-
cond transformation 
z1 = c (1 + z22)/z2 
enables one to transform the 
elliptical boundary into a circu-
lar one and by proper evaluation 
of the boundary conditions and 
the use of circular harmonics one 
may get a solution that is cum-
bersome to evaluate accurately so is not derived in detail in this paper. 
y 
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Fig. 4. 
Case 2. 
This case gives a much simpler solution and gives a boundary 
surface that is not as good an approximation but gives the desired 
analysis in a more usable form. 
One may transform the circle into the z plane by setting z = In z
1
• 
The equation of the circle in the z1 plane is (x 1 + c) 2 + y12 = a 2 = (1 - c) 2 
and since z1 = e' or x1 + i y1 = ex (cosy + i sin y) then 
e2 x + 2 c ex cos y = 1 - 2 c. 
Now when z1 __:_ a - c and z = - b then c = 1 - e-b/ 2 and the 
equation of the boundary is 
or 
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e- u _ e2x 
y = cos-1 ---- . 
ex (l - e- b) 
In the z plane the potential is given by W = H cos IX x - j H sin IX y 
W = H e- i" z = HD z where D is complex. 
The real part is the potential of the vertical field and the 
imaginary part is the potential of the horizontal field. In the z1 
plane the potential is W = HD ln z1 , which is the complex potential 
y 
y, 
Z1 plane Zplane 
Fig. 5. 
function of a line charge at z1 = 0 and whose potential is the real 
part8). The problem is reduced then to one of finding the potential 
of a line charge parallel to the axis of a cylinder of inductive 
capacity fl. If the charge was at the center of the cylinder the 
problem could be easily solved by circular harmonics. However, 
if one uses the theory of images9 ) , then the potentials in the 
z1 plane are given by a line charge at z1 = 0, an image charge at a2/ c 
where c is the distance of the center of the cylinder from the origin 
and one at the center of the cylinder to keep the total charge the same. 
The potential outside of the cylinder is given by the charge at the 
center and the charge at the origin and must be of the form 
W1 = H B Jn z1 + HA ln (z1 + c) 
since at infinity the potential is given by W = HD ln z1 . The potential 
8) JEANS, cited in 7), p. 268. 
9 ) This t heory may be derived by inve rting a semi-infinite block of 
indu ctive capacity in the presence of a line charge into a cylinder. Theory 
of t\\'O dimensional inversion may be found in JEANS, p. 258. 
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inside of the cylinder is given by the ·image charge and the charge at 
the center plus the constant term D to keep the potential finite at the 
center and is of the form 
W 2 = H B ln z1 + H G In (z1 + c - :: ) + D. 
Now if one transforms the center of the cylinder to the origin by 
z2 = z1 + c we get for the potentials 
W1 = H {E1n (1 - ~)+ (A + E) ln z2} 
W2 = H {Bln (l - ~) + Gln(l - e~:2 ) B In z2 - C ln : 2 + D 
One may expand the ln (1 - x) terms10) and since 
z
2
n = j n einU, 2 , 1 1 i II(), -=- e 
z/i !/" 
we get on expans10n 
l n ~ oo - 1 n E en Tr 1 = H ~.-( _ )! __ (cos n 82 - i sin n 82 } + ,L,.; n 2" ~~ ~ + (A + E)ln f, + i (A + E) e,) 
, l "'1 ( - 1 )" lB en . . T1 2 = H ~1 - n- 1211 (cos n 82 - 7 sm e 82) + 
Gcnf n . . ] 
+ a211
2 (cosn 82 + 7 sm n 82) + Blnf 2 + 
+ i B O, - G In "; -- in G + D) 
The real part of these complex imaginaries is the potential U which 
must be evaluated at the boundary. The potentials are 
l 00 - 1 ncn . ul = H "'1 (___!) - (En cos n 82 + EI sm n 82) + ,L,.; n 2n ·.~ '. + (En + An)lnf, - (A, + E, ) O, l 
l "'1 ( - 1 )" [ en . U2 = H ~1 - n- 12,. (BR cosn 82 + Er sm n 82) + 
c"' /2" G . l + - .. - (GR cos n 82 - r sm n 82) + a-n 
a? l 
+ BR lnf2 + Gn In -=_ - B1 82 - GR n + D 
e J 
10) Formula No. 769, PIERCE, A Short Table of Integrals. 
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where the subscript R refers to the real part and the subscript I refers 
to the imaginary part of the complex constant s. Now at the boundary 
r = a 
Following the standard procedure, one equates the coefficients of the 
sine and cosine terms to zero at the boundary and gets the following 
equations : 
I ) A 1 + EI = B1 II) EI + Gr = Br III) E 1 = µ(Br + G1) 
IV) (AR + En)lna = Bnlna + Gnln~ - G11n+D 
c 
V) E 11 = B 11 + GR VI) E 11 = ft(BR - G11 ) VII) AR + E R = µ B R 
These equations may be solved simultaneously to give the values of 
the coefficients needed 
B = µ + l(ER + iEr) 
2 /l 
G = fl - l (ER + j EI) 
2µ 
A = µ - 1 (En - i EI) 2 . fl 
The values of Eu and E 1 may be determined from the potential outside 
of the cylinder 
W 1 = H ( (ER + j EI} ln z1 + fl 2 
1 (ER - ~ Er) ln (z1 + c)} 
where at infinity the potential is W = H e- ia ln z1 giving for the 
potential outside of the cylinder 
[ (µ + 1) . (fl + 1) 1 W1 = H ER - 2- ln z1 + 1 Er -zµ ln z1 
so that 
E 2 cos <X d E - 2 µ sin <X R= -- an ' r = µ + l fl + l 
Now since z1 = e' , W1 reduces to 
W
1
= H [(En + iEI) z+ µ 2 1 (ER - j:r)1n (e• +(l 2e-b))) 
and the field is 
'a~' ~ H \Ea+ i E, +." 2 1 (En - * E,) (,, + (;'_2,-•1)) 
136 
Now 
ez 
e! + (1 - e- b 
2 
L. F. U hrig a nd Sidney Schafer: 
ex-iy ex-iy + (1 2 e~) 
x 
e·<+ iy + e -~ e~) e- iy + (1 2 e~ ) 
e:2x + (~)ex cosy + i (1 -; e-b) e·" sin y 
l - e- b 2 l e:2x + (I - e-b) cosy + (- '>--) 
so t mt r -
8 w I J . fl - l ( • j EI ) 
--= H1ER + JE1 +-- Ell -- · 
0 z l 2 fl 
[ 
, (1 - e- b) . (1 - e-'') . j l 
. e~x + - 2 - ex cosy + 7 - 2-- ex srn y I 
(
1 - e-b 2 ( . 
e2 x + (1 - e-0 cos y + - 2 - ) J 
The real part of this solution is the vertical field and the imaginary 
part is the horizontal field so t hat: 
If x = _!!__1 (2 cos {X + /I T 
r [ (1 _ e-b) j . (1 - e-b) . }) + (µ - 1) ex l cos IX ex + --2-- cosy ~~1~-~ 
2
- 2- . srn Y 
e"x + (1 - e-b) cosy + 1- .--) \ 2 , 
lf, ~ 1, ! I ( 2 µ , ;n " + 
{ [(l _ e-1,) -I [ (1 - e-b) ·1 } (µ - 1) ex cos rx ~- sin Y, +sin IX ex + - 2-- cosy ) 
+ (1- e-b)2 · e~x + (1 - e-b) cosy + - 2--, , 
CA LCULATIOKS. 
The basin was assumed to be 40 miles long and 40,000 feet deep 
at the center. A field of 0.5 gauss, inclined 30 ° to the vertical was 
used. A permeability of 1.012 for the granite was used . The above 
eq uations for the x and y components of the field intensit ies become : 
H x = 0.5 {o.8650 + ·I 0 ~·g06 ex 0 12 . 
e- x + . I COS y -j- . 
· [0.866 (ex + 0.35 cosy) - O.l 75 sin y]} 
Distance in 
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In order to approximate actual 
field relations more closely, a tra-
verse line of definite slope 
(x = my + k) 
was chosen. Hence, the measured 
horizontal and verti cal fi elds would 
have contributions from H x and 
HY giving Z = Fi x cos 0 + H 11 sin 8; 
H = Fix sin 0 + HY cos 0 11·here 8 
is the angle that t he line of traverse 
makes with x = 0. In the present 
10.000 
case the angle fJ = arctan 200.000 
is approximately 2 °, so that the 
formula for H x and 11 11 were used 
directly. These values arc tabulated 
in Table I and are plotted on the 
graph Fig. 6 and with the observed 
values in Fig. 1. 
DISCUSSION OF RESULTS. 
The values of the horizontal and 
vertical intensities of t he magnetic 
field computed for the configuration 
similar to that in the hypothetical 
cross section (Fig. l) agrees, within 
the limits of error, with the values 
of the observed except in the 
vicinity of the San P edro Hills. 
(Profiles are plotted above the struc-
ture section Fig. 1.) From the San 
Gabriel Mountains to the Inglwood 
fault the greatest difference between 
the calculated and observed values 
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of the vertical intensity is approxiamtely 50 gammas and the difference 
for the horizontal varys from 0 to 100 gammas. This difference can be ac-
counted for by the excess of granite above the theoretical configuration. 
Between the Inglewood fault and the Pacific Ocean the calculated 
and observed values of both horizontal and vertical components of 
the field differ widely. The profile of the observed values of the vertical 
> component drops from 200 gammas at Inglewood fault to a minimum 
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of 40 gam mas at the north side of the San Pedro Hills. The profiles rises 
150 gammas in San Pedro Hills. The observed value of the vertical 
component of the field is approxiamtely 200 gammas less then the 
calculated values and that of the horizontal is nearly 600 gammas less. 
From these facts it may b e concluded that the hypothetical cross 
section is incorrect for the San Pedro Hills vicinity. In order to satisfy 
the observed values of the magnetic field the hypothetical cross section 
should indicate a much greater thickness of sediments or metamorphics 
1 then is shown in Fig. l. 
The authors wish to acknowledge the helpful criticisms of Profes-
sore B. GUTENBERG and J. P. B u wALDA and thank R. A. P ETERSON 
for the use of the cross section used in Fig. l. 
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